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@ Drilling apparatus comprises a hollow drill pipe 
(2) extending through a drill hole (4) to a mud motor 
(8). The motor (8) drives a compressor (12) through 
a shaft (14). An annular passageway (16) around the 
compressor (12) leads to a drill bit (18) having 
nozzles (20) providing an outlet from the passage- 
way (16). A housing (22) of the compressor (12) 
provides a passageway (24) for leading fluid through 
the compressor (12) to emerge through nozzles (26) 
in the drill bit (18) at increased pressure to assist the 
drill bit (18). 
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Drilling Apparatus 



This invention relates to drilling apparatus. 

in conventional drilling, for example in the oil 
and gas industries, the drill bit is rotated by driving 
the entire drill string from the surface while drilling 
mud is circulated from the surface to the bit where 
it collects cuttings, and thence back to the surface 
for removal of the cuttings. It has been proposed to 
provide jet assistance for the drilling action of the 
bit by conveying mud to the bottom of the drill hole 
through a dual-conduit drill string; one conduit con- 
veys low-pressure high-volume mud to carry away 
the cuttings while the other conveys high-pressure 
low-volume mud to blast the formation ahead of the 
bit. Such a system requires substantial investment 
in specialised surface equipment and drill pipe. 

According to the present invention there is 
provided drilling apparatus comprising a conduit for 
conveying drilling mud and having an outlet down- 
hole, flow splitting means for dividing the drilling 
mud issuing from the outlet of the conduit into a 
first flow and a second flow, a downhoie compres- 
sor having an inlet for receiving said first flow and 
increasing its pressure, a drill bit, an outlet from 
said flow splitting means for directing said second 
flow past the drill bit and an outlet from said 
compressor for directing the compressed first flow 
past the drill bit. 

The compressor increases the pressure of the 
first flow to transform it into a high-pressure low- 
volume flow which is directed against the formation 
to assist in its disintegration. The second flow acts 
as low-pressure high-volume to carry away the 
cuttings and disintegrated formation. 

The flow splitting means may be provided by 
the size and form of the compressor's inlet which 
allows only a proportion of the incident flow to pass 
into the compressor. Alternatively a further item of 
apparatus may be provided designed specifically to 
create the desired flow split. 

Preferably the second flow is directed along an 
annular passageway with the compressor disposed 
In the centre of the annulus. 

The compressed first flow and/or the second 
flow may be directed through the drill bit, and 
preferably the compressed first flow issues beyond 
the drill bit with the second flow surrounding it. 

The compressor is preferably driven by a 
downhoie motor, for example a motor powered by 
the passage of the drilling mud; the motor may be 
disposed above the compressor so as to be driven 
by the drilling mud prior to splitting of the flow. 

The compressed first flow preferably emerges 
through one or more nozzles which may be varied 
in direction. 

An embodiment of the invention will now be 



described by way of example with reference to the 
accompanying drawing in which; 

Fig. 1 is a schematic side elevation of drill- 
ing apparatus of this invention; and 
s Fig. 2 is a schematic sectional side elevation 

of a lower portion of the apparatus of Fig. 1 ; and 

Fig. 3 is an exploded schematic perspective 
view of a compressor of the drilling apparatus. 

10 Referring to the drawings, Fig. 1 shows a hol- 

low drill pipe 2 extending from the surface down- 
wardly through a drill hole 4 and connecting 
through drill collars 6 with a mud motor 8 which 
may be positive displacement, turbine, membrane 

15 or vane type. Below the motor 8 is a chamber 10 
which houses centrally a compressor 12 driven 
through a shaft 14 by the motor 8. The chamber 
wall and a housing 22 of the compressor 12 define 
between them an annular passageway 16 leading 

20 to a drill bit 18 having nozzles 20 providing an 
outlet from the passageway 1 6. 

The housing 22 provides a passageway 24 for 
leading fluid through the compressor 12, the pas- 
sageway 24 emerging through the nozzles 26 in 

25 the drill bit 18. 

In use, the drill string comprising the drill pipe 
2, drill collars 6, mud motor 8, compressor 12 and 
drill bit 18 are rotated from the surface and drilling 
mud is pumped as a normal low-pressure high- 

30 volume flow down through the drill string. The mud 
drives the motor 8 which in turn drives the com- 
pressor 1 2. 

Drilling mud emerging from the motor into the 
chamber 10 is split into a first flow entering the 

35 passageway 24 and a second flow entering the 
annular passageway 16. The first flow is led 
through the compressor 12 where its volume is 
reduced and its pressure increased, and it then 
emerges as a high-pressure low-volume flow 

40 through the nozzles 26 in the drill bit 18, blasting 
against the formation ahead of the drill bit to assist 
in the formation's disintegration. 

An example of a suitable membrane type com- 
pressor is illustrated in Fig. 3. The compressor 12 

45 comprises a cylindrical membrane 28 of compres- 
sive material which defines a plurality of compres- 
sion chambers 30. The cylindrical membrane 28 is 
mounted on a camshaft 32 which has an eccentric 
mid-section 34 with drive splines 36 at each end. 

so End plates 38 are provided for the cylindrical mem- 
brane 28 and input and output timing discs 40 and 
42 engage the splines 36 and abut the end plates 
38. 

The operation of this compressor will now be 
described. Drilling mud enters a compression 
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chamber 30 via a port 44 in the input timing disc 
40. As this timing disc 40 is splined to the cam- 
shaft 32 it rotates with the camshaft thus sealing 
the compression chamber 30. At the output end the 
output timing disc 42 is similarly splined to the 5 
camshaft 32. As the camshaft 32 rotates driven by 
the downhole mud motor 8, the eccentric mid- 
section 34 deforms the compression chamber 30 
intensifying the pressure of the drilling mud within. 
This high pressure drilling mud then exits via a port io 
46 in the output timing disc 42 at the base of the 
compressor 12 to be forced through the nozzles 
26. 

As the camshaft 32 continues to rotate, each 
compression chamber 30 in turn experiences the 75 
same cycle of events resulting in a pulsed high 
pressure flow from the output end of the compres- 
sor. As a modification the timing discs could be 
replaced by a series of non return valves. 

The second flow travels along the passageway 20 
1 6 and emerges through the nozzles 20 as a low- 
pressure high-volume flow around the high-pres- 
sure low-volume flow from the nozzles 26. This 
second flow acts in the conventional manner of 
drilling mud by cooling the bit 18 and carrying 25 
cuttings away from the bit 18. 

The mud of both flows then returns to the 
surface along the annular flow path defined be- . 
tween the wail of the drill hole 4 and the drill string. 
At the surface the cuttings are removed and the 30 
mud is then recirculated through the drill string. 

The apparatus of this embodiment of the inven- 
tion provides an in situ generated high-pressure 
flow of mud which "slots" the formation imme- 
diately ahead of the bit, thereby reducing or elimi- 35 
nating mechanical work required of the bit to in- 
crease the penetration rate while reducing or elimi- 
nating the wear on the bit. 

For directional drilling applications, the bank of 
high-pressure nozzles can be positioned in the bit 40 
in such a way as to produce in the axis of the high- 
pressure mud flow a slight angular offset from the 
longitudinal axis of the bit. Thus whenever either a 
hole inclination or hole azimuth correction is re- 
quired, drill string rotation is stopped with the high- 45 
pressure nozzles orientated in the appropriate di- 
rection. Hydrodynamic drilling then proceeds until 
the necessary correction had been completed. 
Subsequently rotation of the drill string recommen- 
ces and hydrodynamically assisted drilling re- 50 
sumes. This procedure equates to the tactical ap- 
plication of conventional directional drilling jetting 
techniques currently in use in soft formation inter- 
vals, but also allows its application to formations 
currently considered too hard for the technique to 55 
be successful. 

Modifications and improvements may be made 
without departing from the scope of the invention. 



Claims 

1 . Drilling apparatus comprising a conduit for 
conveying drilling mud and having an outlet down- 
hole, flow splitting means for dividing the drilling 
mud issuing from the outlet of the conduit into a 
first flow and a second flow, a downhole compres- 
sor having an outlet for receiving said first flow and 
increasing its pressure, a drill bit, an outlet from 
said flow splitting means for directing said second 
flow past the drill bit, and an outlet from said 
compressor for directing the compressed first flow 
past the dril! bit. 

2. Drilling apparatus as claimed in Claim 1, 
wherein the flow splitting means is provided by the 
size and form of the compressor's inlet. 

3. Drilling apparatus as claimed in Claim 1 or 
2, wherein the second flow is directed along an 
annular passageway with the compressor disposed 
in the centre of the annuius. 

4. Drilling apparatus as claimed in Claim 1, 2 
or 3, wherein the compressor first flow is directed 
through the drill bit and issues beyond the drill bit. 

5. Drilling apparatus as claimed in any one of 
the preceding Claims, wherein the compressor is 
driven by a downhole motor. 

6. Drilling apparatus as claimed in Claim 5, 
wherein the downhole motor is powered by the 
passage of the drilling mud. 

7. Drilling apparatus as claimed in Claim 5 or 
6, wherein the motor is disposed above the com- 
pressor. 

8. Drilling apparatus as claimed in any one of 
the preceding Claims, whereby the compressor is a 
membrane type compressor. 

9. Drilling apparatus as claimed in any one of 
the preceding Claims, wherein the compressed first 
flow emerges through one or more nozzles which 
may be varied in direction. 
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